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International Energy Agency, “Key World Energy Statistics 2015,” p. 81, 2015. 
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hydrolysis + fermentation





















• high conversion 
• low selectivity
• corrosive
• T = 200°C
catalyst
2n










Procedure for enzymatic hydrolysis 
• batch reactor
• enzyme: Celluclast®
• temperature: 30 °C – 40 °C – 50 °C
• 100 ml acetic acid/acetate buffer 
pH = 5.0
• enzyme amount: 
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VE = 120 µL
























T = 40 °C
CS = 0.028 mol/l
k2 = 3.08 10
4 s-1*
KS = 2.67 10
1 ± 1.40 mol/l







































Good agreement between the values of the waste stream and 
the pure cellulose  model can be applied
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Fermentation of glucose to bioethanol
• batch reactor
• anaerobic conditions
• enzyme: baker’s yeast 
• temperature: 30 °C
• pH = 7.0
• enzyme amount: 7.5 10-2 g
• glucose amount: 0.375 g
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C6H12O6 → 2CH3CH2OH + 2CO2
glucose bioethanol




k2 = 8.71 10
3 ± 1.41 103 s-1




































T = 40 °C
P = 1 atm
fermentation:
T = 30 °C
P = 1 atm
flash vessel: 
T = 30 °C
P = 1 atm
distillation:
number of plates = 28







D. Humbird, et al. - National Renewable Energy Laboratory - May, 2011.
cellobiose
water
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Conclusion
• Relevant experiments:
- hydrolysis of cellulose waste stream to glucose 
- fermentation of glucose to bioethanol
• Innovative, simple and cheap analytical method: 
UV-VIS spectroscopy
• Michaelis Menten kinetics proven accurate
• Economical/ecological implications:
 enzyme not separable
 large amounts of water
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Further research is needed to achieve 
full potential
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Thank you for your attention
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